We report a patient with a traumatic middle cerebral artery dissection, which showed hyperperfusion in the territory supplied by the left middle cerebral artery. A 45-year-old man experienced speech disturbance and motor weakness in his right hemibody on the day following mild head trauma. His symptoms worsened on the fourth day. Magnetic resonance imaging showed narrowing in the left M1 portion of the middle cerebral artery. Angiography showed narrowing and dilatation in the left middle cerebral artery trunk. The lesion was diagnosed as a dissection of the middle cerebral artery. Arterial spin labelling of magnetic resonance imaging and single photon emission computed tomography showed increased cerebral blood flow in the left temporal region compared with the right. The patient was treated conservatively and the symptoms gradually improved. The hyperperfusion observed on arterial spin labelling and single photon emission computed tomography gradually improved and disappeared on the 25th day. This is the first reported case of traumatic middle cerebral artery dissection, which showed post-ischaemic hyperperfusion in the territory of the affected artery. To detect hyperperfusion in the brain, arterial spin labelling is a useful technique.
Introduction
Both high and low cerebral perfusion are common events during the first few days after severe head injury. 1 However, hyperperfusion after minor head injury is rare. 1 Minor head injuries usually cause no complications. In rare cases, mild head injuries cause ischaemic stroke, mainly in childhood. 2, 3 Possible mechanisms include mechanical damage to arteries, such as occlusion, intimal dissection, or arterial spasm. 2 In such severe conditions after minor head injuries, post-ischaemic hyperperfusion might occur after recanalisation, similarly to that in non-traumatic stroke.
Dissections of the intracranial artery due to minor head trauma are not common. Among them, middle cerebral artery (MCA) dissection after minor head injury is rare. [2] [3] [4] [5] In the case of MCA dissection, patients usually have ischaemic symptoms due to cerebral infarction or transient ischaemia. 6 Post-ischaemic hyperperfusion is a well-known phenomenon occurring after recanalisation of the arteries. 7 It shows a transient increase of cerebral blood flow (CBF) in the territory of the affected artery. Recently, we encountered a patient with traumatic MCA dissection showing a transient increase of CBF. In our case, even though the cerebral infarction was small, post-ischaemic hyperperfusion was observed in an area supplied by the MCA, suggesting transient occlusion of a main artery. To observe the change of CBF, arterial spin labelling (ASL) of magnetic resonance imaging (MRI) and single photon emission computed tomography (SPECT) were used. In this report, we present our patient with traumatic MCA dissection showing post-ischaemic hyperperfusion and discuss the clinical course, radiological findings and management of this rare condition.
Case report
All magnetic resonance examinations were performed using a 3T magnetic resonance scanner (Discovery MR750W; GE HealthCare, Milwaukee, WI, USA) and a 19 channel GEM head neck unit (GE HealthCare). ASL images were obtained by threedimensional (3D) single-shot fast spin-echo with an in-plane spiral readout.
A 45-year-old right-handed man with no medical history of note had a minor head injury during playing hand ball. His face was hit by the hand of another player. On the next day, he experienced difficulty in speech, numbness of the right hemibody, and mild motor weakness in the right upper and lower extremities. On the fourth day, he experienced worsening of the symptoms and visited a local neurosurgical clinic. Fluid-attenuated inversion recovery sequence of MRI revealed oedema in the cortex of the left temporal lobe (Figure 1(a) ). He was referred to our department. Diffusion-weighted imaging (DWI) of MRI (spin echo-echo planar imaging, b ¼ 1000) on the fifth day showed a small cerebral infarction in the acute stage in the territory of the lateral lenticulostriate arteries (Figure 1 (Figure 1(d) ). ASL indicated an increase of CBF in the territory supplied by the left MCA compared with the right (Figure 1(d) ). SPECT on the sixth day also showed an increase of CBF in the territory supplied by the left MCA (Figure 2 (a)). Electroencephalography showed no wave abnormality. SPECT on the 10th day showed slight improvement of hyperperfusion ( Figure 2(b) ). Angiography performed 12 days after the onset showed dilatation and narrowing of the left M1 side by side, being consistent with a dissection (Figure 3(a) ). High-resolution cone-beam computed tomography demonstrated crescent-shaped filling of the contrast medium in the affected M1 portion of the left MCA (Figure 3(b) ).
The condition was diagnosed as post-ischaemic hyperperfusion due to dissection of the left MCA. The patient was treated conservatively. His symptoms such as motor aphasia and right hemiparesis gradually improved. ASL on the 14th day still showed an increase of CBF in the left temporal region, and original axial time-of-flight (TOF) images showed a double lumen (Figure 1(e) ). He was discharged without neurological deficit on the 14th day. SPECT on the 25th day showed the normalisation of CBF (Figure 2(c) ). On the 60th day, MRA showed persistent narrowing in the left MCA, and ASL demonstrated normalisation of CBF in the left temporal lobe (Figure 1(f) ). Irregularity of the left MCA wall was still observed on MRA in the fifth (Figure 1 (g)) and 23rd (Figure 1(h) ) months. He had no symptoms for 23 months after discharge.
Discussion
The aetiology of MCA dissection includes idiopathic factors and trauma. 5 MCA dissection is likely to occur following minor head trauma in relatively young patients. 8 The most common dissection site is the M1 segment due to anatomical features. 8 The M1 has a firm connection with the skull base at the carotid termination, and a rotational focus following blunt trauma could lead to tearing of the arterial wall. 8 Furthermore, the M1 runs close to the sphenoid ridge. Impact applied to this artery with the sphenoid ridge could result in arterial dissection. 8 Only a few series of intracranial arterial dissections, particularly in the anterior circulation, have been reported. 9 In our case, the patient had received a minor head injury, and he was aware of symptoms on the next day. It was speculated that dissection occurred at the time of head trauma and resulted in a small cerebral infarction due to the occlusion of a perforator from the M1 (lateral lenticulostriate artery). Mild symptoms were recognised by the patient on the day following head injury. Although the time hyperperfusion occurred was unclear, the symptoms might have transiently worsened due to haemodynamic changes, such as hyperperfusion on the fourth day.
Gao et al. 10 reported radiological findings of MRI of symptomatic unruptured MCA dissection. According to them, the most common finding of MCA dissection on MRA is irregular stenosis, followed by a double lumen. Gadolinium-enhanced T1-weighted MRI visualises mural linear or intramural crescentic enhancement. In our case, MRA showed narrowing of the M1 of the MCA. This finding changed on follow-up MRI; however, it did not fully improve for 23 months.
In our case, original axial TOF images demonstrated a double lumen in the MCA. Angiography demonstrated an irregular wall of the MCA. Furthermore, high-resolution cone-beam computed tomography demonstrated crescent-shaped filling of the contrast medium in the affected portion of the left MCA.
Early post-ischaemic hyperperfusion has long been documented in animal stroke models and is the hallmark of efficient recanalisation of the occluded artery with subsequent reperfusion of the tissue. 11 About one third of the patients with MCA territory stroke studied at 5-18 hours after symptom onset exhibited early postischaemic hyperperfusion. 11 Bachhaus et al. 12 reported a case of MCA occlusion presenting with hyperperfusion syndrome after embolectomy. In our case, the blood flow in the MCA might have been transiently disrupted or decreased due to dissection. Even though the symptoms were not severe, the brain showed hyperperfusion after ischaemic attack. The region where the CBF increased was identical to the area supplied by the dissected MCA. Therefore, it is reasonable to speculate that post-ischaemic hyperperfusion occurred after recanalisation of the disrupted MCA dissection. However, the possibility that the condition of our case was posttraumatic hyperperfusion cannot be completely excluded. In cases of post-traumatic hyperperfusion, symptoms include short-term loss of consciousness, transient amnesia and a change in the mental status. 13 In our case, mild head injury caused dissection of the MCA, which resulted in the transient decrease of CBF. The blood circulation was recovered after improvement of narrowing or recanalisation of the dissected MCA. Subsequently, hyperperfusion occurred. Doshi et al. 13 reported that regional CBF was increased in the left striatum, and in frontal and occipital lobes on susceptibility-weighted imaging and mapping in patients with mild traumatic brain injury without arterial abnormality.
In our case, an increase of CBF in the territory supplied by the affected MCA was firstly observed on ASL. The data obtained by ASL were well correlated with those of SPECT. ASL is a non-invasive method of measuring regional CBF without contrast medium. 14 A paper describing the evaluation of acute stroke patients with ASL and susceptibility-weighted imaging has been published. 15 In our case, cerebral infarction detected on DWI was small compared with the large hyperperfused area where the neurons survive. These radiological findings are similar to diffusion-perfusion mismatch in ischaemic stroke. Such cases with discrepancies of the lesion observed on DWI and ASL might be associated with a favourable prognosis. For SPECT, radioisotope use is necessary, and it is difficult to perform in an emergency situation. ASL is easily performed and repeatable compared with SPECT. To detect post-ischaemic hyperperfusion, ASL is a sensitive and useful technique. This is the first report describing post-ischaemic hyperperfusion in traumatic MCA dissection. Postischaemic hyperperfusion may occur in cases of MCA dissection with minor symptoms, and ASL is a sensitive and useful method to examine CBF in such cases.
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